Objective The distribution of the Mini-Mental State Examination (MMSE) scores by age and educational level was investigated in subjects that underwent comprehensive brain examinations. Methods This cross-sectional study included 1,414 adults without neurological disorders who underwent health-screening tests of the brain, referred to as the "Brain Dock," in our center. The MMSE scores were compared between age groups (40-44, 45-49, 50-54, 55-59, 60-64, 65-69, or ! 70 years) and educational levels [the low education level group (6-12 years) and the high education level group (! 13 years)]. Results The median age was 59 years, and 763 (54%) were women. There was no significant difference in the MMSE total score between women and men. The stepwise method of the multiple linear regression analysis confirmed that a higher age [β value, -0.129; standard error (S.E.), 0.020; p<0.001], low education level (6-12 years) (β value, -0.226; S.E., 0.075; p=0.003), and women (β values, 0.148; S.E., 0.066; p=0.024) was significantly associated with decreased MMSE score. In general, both the percentile scores and mean scores decreased with aging and were lower in the low education level group than in the high education level group. The degree of decrement in scores with age was stronger in the low education level group than in the high education level group. Conclusion The provided data for age-and education-specific reference norms will be useful for both clinicians and investigators who perform comprehensive brain examinations to assess the cognitive function of subjects.
Introduction
Prevention of cognitive impairment in the elderly is becoming a major health issue in most countries (1) . Various brief screening tools for cognitive impairment have therefore been developed (2) . Among these, the Mini-Mental State Examination (MMSE), developed by Folstein et al. (3) , is the most widely used instrument to quickly assess global cognitive function in both clinical and research settings (4) .
The MMSE comprises of 11 questions assessing orientations to time and place, registration, attention and calculation, recall, naming, repetition, 3-stage command, reading, writing, and copying (3) . In general, performance on the MMSE is influenced by many individual characteristics, particularly age and education (4) . The use of an age-and educationspecific reference value has been developed to alleviate this problem in several countries (5) (6) (7) (8) (9) (10) (11) (12) (13) . In Japan, communitybased data on MMSE scores by age and education are available (9) . However, those data were obtained from a rela-tively limited range of ages (elderly individuals " 65 years old), and details of scores were presented only as median values and so are unsuitable for daily clinical and research use.
In Japan, there is a unique system of health-screening tests for the brain aimed at early detection of risk factors for cerebrovascular diseases, as well as evaluation of cognitive function and risk factors for dementia. This type of comprehensive examination is called a "Brain Dock" in Japanese. These tests are available at the examinee's own expense in principal (about 40,000-90,000 JPY). The "Brain Dock" system was started in Sapporo, Japan in 1988 and has since been introduced in approximately 600 hospitals in Japan. The Japan "Brain Dock" Society was established in 1992 and has recommended that such comprehensive brain investigations should include the following examinations: physical and neurological examinations, screening test(s) for cognitive impairment, blood pressure measurement, electrocardiography, blood and urine tests, and magnetic resonance imaging (MRI) (14) . The society recommends using the Japanese version of the MMSE as a first-line cognitive screening tool. However, as mentioned above, detailed norms for Japanese MMSE scores by age and education are not yet available. To allow more effective use of the "Brain Dock" system, we report herein details of the age-and educationspecific reference norms for Japanese MMSE scores in "Brain Dock" examinees.
Materials and Methods

Subjects
This cross-sectional study was based on the Kashima Scan Study, an ongoing population-based cohort study investigating age-related brain changes on the MRI (15) (16) (17) . A total of 1,739 consecutive adults who underwent brain examinations at our center at their own expense between December 2005 and November 2011 were considered as potential subjects for this study. Inclusion criteria were: 1) age " 40 years, 2) no disability in instrumental activities of daily living, 3) the ability to independently make visits for healthscreening tests of the brain, and 4) provision of written informed consent. Exclusion criteria were: 1) inability to undergo brain MRI, 2) a previous history of any neurological disorder or brain injury, or 3) abnormalities on the neurological examination. Among all potentially eligible subjects, 225 individuals refused to enroll, 61 were <40 years old, 1 could not undergo MRI because of severe claustrophobia, and 13 had a history of neurological disorder or brain injury with abnormalities apparent on the MRI. Among the remaining 1,439 subjects, 1 patient was excluded due to numerous cavernous angiomas, and 24 patients with incomplete data were also excluded. The final prospective cohort included 1,414 subjects with complete data (788 women; mean age, 57.0 years; range, 40-84 years).
Standard protocol approvals, registrations, and participant consents
All protocols were approved by the Institutional Review Board. Written informed consent was also obtained from all participants in this study.
Baseline assessment
We recorded clinical characteristics including age, sex, duration of education, smoking status, blood pressure and the presence of hypertension, diabetes mellitus, and dyslipidemia. Age groups were categorized as follows: 40-44 years; 45-49 years; 50-54 years; 55-59 years; 60-64 years; 65-69 years; and " 70 years. Duration of education was obtained from each subject, and ranged from 6 to 18 years. Education level was categorized by years of schooling completed as follows: low education level group, 6-12 years; and high education level group, " 13 years. Subjects who were smokers at the time of enrollment were classified as current smokers. Hypertension was defined as a systolic blood pressure >140 mmHg and/or diastolic blood pressure >90 mmHg or the use of antihypertensive medication. Diabetes mellitus was defined as a fasting serum glucose level " 126 mg/dL, hemoglobin A1c level " 6.1% (as determined by the Japan Diabetes Society method, which is 0.4% lower than the National Glycohemoglobin Standardization Program) (18) , or the use of anti-diabetic medication. Dyslipidemia was defined as a fasting serum low-density lipoprotein cholesterol level " 140 mg/dL, and/or fasting serum triglyceride level " 150 mg/dL, and/or fasting serum highdensity lipoprotein cholesterol level ! 40 mg/dL, and/or use of anti-hyperlipidemic agents. All subjects were examined by both a general physician and a certified neurosurgeon.
The Japanese version of the MMSE
The Japanese version of the MMSE, for which validity has been confirmed (19) , was administered by a skilled nurse (93% of subjects) or trained physician (7% of subjects). The total score (maximum, 30 points) is composed of the following items: orientations of time (5 points) and place (5 points), registration (3 points), attention and calculation (5 points), recall (3 points), naming (2 points), repetition (1 point), 3-stage command (3 points), reading (1 point), writing (1 point), and copying (1 point). For the assessment of attention and calculation, serial sevens (sequential subtraction of 7 from 100) were performed in advance. The examiner stopped the subject after 5 subtractions (93, 86, 79, 72, 65) and scored the total number of correct answers. If the subject could not perform this task completely, the examiner asked them to spell the word "FU-JI-NO-YA-MA" (meaning Mt. Fuji) backwards. However, only the results of serial sevens were used for scoring attention and calculation.
Analysis of the brain MRI
As factors for adjustment in the linear logistic regression analysis, conventional asymptomatic brain MRI findings associated with dementia (14) , such as lacunae, white matter hyperintensities (WMH), and brain atrophy were also included as baseline data in this study. The brain MRI was performed using a 1.5-T scanner (EXCELART Vantage, version 7.0, Toshiba Medical Systems, Tokyo, Japan). Axial T 1-weighted imaging [repetition time (TR), 550 ms; echo time (TE), 15 ms], axial fluid-attenuated inversion recovery imaging (TR, 10,000 ms; inversion time, 2,500 ms; TE, 96 ms), and axial fast spin-echo T2-weighted imaging (TR, 4,000 ms; TE, 108 ms) were also obtained using the same section thickness (7 mm) and matrix (224×320). Lacunae were defined as focal, sharply demarcated lesions, >3 mm in diameter and showing high intensity on the T2-weighted imaging and low intensity on T1-weighted imaging. The severity of the WMH on T2-weighted imaging and fluidattenuated inversion recovery imaging was rated according to the Fazekas scale (grade 1, punctuate; grade 2, early confluence; and grade 3, confluent) (20 assisted image-processing system (Image J version 1.46r, National Institutes of Health, Bethesda, USA), we calculated the percentage brain area as an index of brain atrophy as described elsewhere (21) . Briefly, using a semiautomatic method to count the pixels with a given intensity, the area of cerebral parenchyma quantified on one axial T2-weighted image in 2 slices above the pineal body was divided by the area inside the skull at the same level.
Statistical analyses
Statistical analyses were performed using IBM SPSS Statistics version 21.0 (IBM, Armonk, USA). To compare different variables between sex, univariable analyses using the chi-square test, Mann-Whitney U test, and Student's t-test were performed, as appropriate. The significance of demographic and imaging characteristics as influencing factors for the MMSE total score was evaluated by linear regression using the stepwise method. In general, the MMSE total score in a large sample shows a non-Gaussian distribution (7), so the percentile technique is appropriate to provide norms for the MMSE by age and education. However, the mean and standard deviation (SD) have also been used in previous studies (7, 8, 10, 11) . Furthermore, to diagnose mild cognitive impairment in a general population, the cut-off point is frequently set at 1.5 SDs below the age-and educationadjusted norms for formal neuropsychological tests (22) . We thus calculated each percentile [5th, 10th, 25th (lower quartile), 50th (median), 75th (upper quartile), 90th, and 95th], as well as the mean and SD(s).
Results
The median age of the subjects was 59 years, and 763 (54%) were women (Table 1 ). There was a significant difference in the ages of the subjects. Men were significantly associated with having a long duration of education, smoking habits, hypertension, diabetes mellitus, lacunes, and brain atrophy. There was no significant difference in the MMSE total score between men and women. The mean total score and sub-scores and prevalence of subjects with a perfect total score and sub-scores for the MMSE is shown in Table 2 . The mean MMSE total score was 29.53. The 81.8% of subjects had a perfect MMSE total score. As for subscores, the prevalence of subjects with perfect scores was relatively low in attention and calculation (91.8%) and recall (91.2%). The stepwise method of multiple linear regression analysis using all variables, including age group, sex, level of education, smoking status, hypertension, diabetes mellitus, dyslipidemia, lacunae, grade of WMH and brain atrophy, revealed that the MMSE total score was significantly associated with higher age [β values, -0.129; standard error (S.E.), 0.020; p<0.001], low education level (6-12 years) (β values, -0.226; S.E., 0.075; p=0.003), and women (β values, 0.148; S.E., 0.066; p=0.024).
The percentiles (A-C) and means (D-F) of the MMSE total score, as well as the mean minus 1.0 SD, 1.5 SDs, and 2.0 SDs, by age group in all subjects and education level groups are shown in Fig. 1 . Details of these values are presented in Table 3 (scores for the 75th, 90th, and 95th percentiles, which were 30.00 in every age group, are omitted). In general, both the percentile scores and mean scores decreased with aging and were lower in the low education level group than in the high education level group. The degree of decrement of those scores with age was stronger in the low education level group than in the high education level group. The values of SD by age group in all subjects and the two groups categorized by education level are shown in Fig. 2 . The SD increased along with aging in all subjects, as well as both education level categories.
Discussion
This study offers the first report of norms for the Japanese version of the MMSE among a large number of "Brain Dock" examinees. Significant correlations of the MMSE total score and age, as well as education level, utilizing a multiple linear regression analysis were consistent with previous studies (9) (10) (11) . The data on age-and education-specific reference norms provided will be useful for both clinicians and investigators performing brain examinations to assess the cognitive function of subjects.
In terms of major limitations for this study, the potential for selection bias should be mentioned. Since our subjects all voluntarily sought to undergo screening tests for brain health at their own expense, selection bias may well have been present, skewing the population toward individuals who were relatively affluent or had a high degree of concern regarding their own health; this might in turn have been affected by differences in educational background and socioeconomic status, which are considered important factors for cardiovascular disease (23) . In fact, the median or mean MMSE total scores were higher in this cohort than in subjects from previous studies (7) (8) (9) (10) (11) . Therefore, the current reference norms should only be used for "Brain Dock" examinees and not for other situations, such as memory clinics or comminute-based studies. However, since many people in Japan are using the "Brain Dock" system, we believe that the current reference norms will be very useful in this country.
In this study, the range of distribution of the MMSE total scores was large among elderly individuals as well as among the low education level group. Such wide distributions will result in substantial decreases in clinical cut-off points, such 5th or 10th percentile values or mean minus 1.5 or 2.0 SDs. In elderly individuals, the increased prevalence of cerebral small vessel disease associated with vascular risk factors, particularly hypertension, might affect cognitive declines in some subjects (24) and may result in a wide range of distribution of the MMSE total scores. Furthermore, the wide range of distribution of the MMSE scores in the low education level group may also be associated with the high prevalence of vascular risk factors that is frequent in lower socioeconomic class individuals (7, 23) .
In conclusion, although further studies are needed to clarify the validity of these norms, current age-and educationspecific reference norms should prove useful in identifying potential subjects with mild cognitive impairment or dementia using the Japanese "Brain Dock" system.
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